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The  Two-Kln/red  Spandrel-Braced  Steel  Arclo,. 


It  is  customary  in  the  study  of  arched  structures  to  classify 
them  all  under  one  of  three  heads,  according  to  the  number  of 
hinges  they  have;  therefore,  we  have  the  three-hinged  arch  v;ith 
two  abutnent  hinges  and  one  at  the  crown,  the  two-liinged  arch  with 
only  the  two  abutment  hinges,  the  one-hinged  arch  with  a  hinge  at 
the  crown,  and  the  no-hinged  arch  having,  as  the  name  indicates, 
no  hinges.    The  last  two  named  types  of  arches,  hov^ever,  have 
found  but  little  application  in  the  engineering  practice  of  recent 
years,  and  as  a  consequence  have  not  reached  the  development  attaSn- 
ed  by  the  tv;c  and  three-liinged  arches. 

The  main  feature  in  distinguishing  an  arched  structure  from  a 
simple  truss  or  beaja  is  in  the  matter  of  reactions.    The  simple 
truss  under  vertical  loads  has  vertical  reactions  provided  one 
end  is  so  arranged  as  to  permit  laters.l  movement  due  to  deflcetion 
of  truss  and  to  temperr.ture  changes;  but  when  the  abutments  a,re 
fix3d  so  as  to  prevent  this  la.teral  movement  a.t  the  supports,  the 
truss  comes  under  the  head  of  arched  structures  with  reactions 
which  are  no  longer  vertical,  being,  as  they  are,  in  ths  nature  of 
outward  thrusts  on  the  abutments. 

In  selecting  the  two-hinged  type  of  arch  for  study  it  is  necess- 
ary to  £0  into  a  further  classification  of  them,  so  we  divide  them 
into  the  arch-rib  type  and  the  spandrel-braced  type.     In  the  former 
the  arch  rib  alone  is  subjected  to  the  arch  action,  the  panel  loads 
being  applied  directly  to  the  rib  in  such  a  manner  that  the  part 
above  the  rib  talces  no  part  in  resisting  the  bending  moments  and 
Shears.  237G3 
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Another  type  of  the  arch  rl"b,  also  knovm  as  a  "braced  arch", 
is  found  in  the  arch  truss  consisting  of  two  cur-ved  parallel  chords 
coimected  "by  diagonal  "bracing.    This  style  is  soraeticies  confused 
with  the  spandrel  braced  arch  of  the  kind  to  "be  described  more  in 
detail  in  the  following  pages,  i.  e.,  the  type  having  a  straight 
horizontal  upper  chord  and  an  arched  lover   chord  connected  by  verti- 
cal and  diagonal  bracing.    In  this  arch  each  and  every  nember  of 
the  structure  assist  in  resisting  the  action  of  applied  loads,  at 
least  under  most  conditions  of  loading. 

As  has  been  stated  the  nain  feature  distinguishing  the  arch 
from  other  trussed  structures  is  in  the  matter  of  its  reactions, 
wliich  we  find  may  be  resolved  into  vertical  and  horizontal  compon- 
ents -  the  latter  being  khown  as  the  "horizontal  thrust".   Thus 
we  find  that  the  arch  must  be  designed  to  resist  stresses  due  to 
vertical  forces,  as  in  a  simple  truss,  and  also  to  resist  stresses 
due  to  this  horizontal  thrust  which  is  caused  by  deflection  of  arch 
and  changes  in  temperature. 

In  an  arch  having  three  hinges  this  horizontal  thrust  is 
easily  determined  from  the  simple  conditions  of  static  equilibrium. 
Since  the  bending  moments  at  the  hinges  are  known  to  be  zero,  by 
taking  moments  about  the  center  ^nge  ^ve  can  write  equations  in 
tenms  of  loads  and  reactions  which  v/hen  equated  to  zero  can  be 
Bolved  for  tue   values  of  the  vertical  reactions  and  horizontal 
thrust.    The  two-hinged  arch,  on  the  other  hand,  does  not  supi^ly 
a  sufficient  number  of  equations  of  static  equilibriim  from  which  to 
determine  these  values,  so  recourse  must  be  had  to  some  other  method. 
This  method,  as  we  shall  see,  is  based  on  either  the  "elastic  theory" 
or  the  principle  of  "least  work".    The  two  best  knov^^i  and  widely 
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used  application  of  these  two  theories  are  found  in  methods  out- 
lined TDy  Professor  Charles  E.  Greene  in  his  book  on  "Trusces  and 
Arches,  Part  III"  and  in  Professors  llansfield  Merrinan  and  Henry 
S.  Jacobys'  book  on  "Roofs  and  Bridges,  Part  IV".  The  method 
as  given  in  Professor  Greene's  book  will  be  used  in  the  solution 
of  the  problem  in  hand. 

DeriTation  of  Pornula  for  the  Horizontal  Thrust. 
Referring  to  the  sketch  given  belov;,  first  consider  the  arch 
fixed  at  the  left  abutment  but  free  tc  move  laterally'-  at  the  right 
abutment,  this  condition  being  indicated  by  the  full  lines.  Then, 

under  application  of  load  P,  changes 
in  lengths  of  the  members  of  the  arch 
v/ill  be  produced,  thus  causing  the 
arch  to  deflect  and  the  free  hinge  to 
~  be  pushed  outv;ard  as  indicated  by 
the  dotted  lines, 

ITow  if  a  horizontal  force  by  applied  to  this  free  end  ejnd   of  a  magni- 
tude sufficient  to  cause  the  arch  to  resume  its  original  position  - 
as  shovm  in  full  lines  -  we  *ill  have  duplicated  the  stresses  in  the 
arch  wliich  would  be  :,resent  under  application  of  load  P  while  the 
hinges  are  prevented  from  spreading.   In  order  to  obtain  the  value 
of  this  horizontal  force  necessary  to  prevent  the  spreading  of 
the  abutment  hinges,  v/e  first  must  get  the  stresses  in  the  members 
due  to  a  certain  loading  and  then  determine  the  deformations  in  the 
members  due  to  this  loading.   Having  these  vie   are  enabled,  thru  an 
application  of  the  principle  of  instantaneous  centers  to  find  what 
would  be  the  deformation  or  movement  of  the  hinges  at  abutments. 
Pro.  t.He  elastic  dero«aticn  method,  or  application  of  Hooke-s  Law 
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^  AAl 


we  obtain  the  expression,  E=~-,  (1)    where 

E  is  the  modulus  of  elasticity,  T  the  total  stress  in  the  reenter, 

1  the  length  of  the  nenber  in  inches,  A  the  area  of  the  neinber,  and 

Al  the  deformation  in  the  member  due  to  stress  T. 

In  the  accompanying  dia£;ram  let 

X  = the  distance  of  the  center  of 
moments  from  left  abutment  as  "cd  . 

y  =  the  distance  of  center  of  mom- 
ents above  springing  line  of 
arch,  as  "ac' 

p  =■  lever  arm  of  member,  as  a"b- 

aL=  horizontal  displacement  of  arch. 

a1=  deformation  in  mor-ber. 
As  previously  stated  the  total  horizontal  movement  of  arch  a,t  abut- 
ments may  be  considered  as  made  up  of  the  svim  of  the  separate  de- 
formations of  the  members.   To  consider  the  effect  of  change  of 
length  in  one  member  to  total  change  of  length  of  arch  span,  pass 
a  plaji6  cutting  three  members  of  arch  as  shown  in  above  sketch;  then 
draw  two  of  them  to  an  intersection  and  v;e  get  from  the  principle 
of  Instantaneous  centers  as  outlined  in  any  text  on  Kinematics,  the 

expression  -AL  _ jf  (2)      or, 

Al  "  p 
to  express  it  in  words,  the  amount  of  deformation  in  member  is  to 

the  total  deformation  of  arch  as  distance  of  member  from  this 

instant  center  is  from  the  abutment  hinge. 

Uow  let     P=  vertical  force  acting  upward  at  abutment 

H  =  horizontal  thrust  at  abutment 

t  =  stress  produced  in  member  by  H 

t'->  stress  produced  in  member  by  P 


5. 
T  =  t  +  t*,  or  tote.l  stress  in  nember. 
Taking  moments  aToout  "a",  we  get, 

t  X  aT3  =  H  X  ac       or      t^  H  x  a.c 

ab 


(3) 


t'x  a"b=P  X  cd      or      tL  P  x  cd       ^^j 

ab 

How  in  order  to  make  eiuations  (3)  and  (4)  more  general,  substitute 
for  ab,  ac,  and  ad,  their  eoual  values  p,  y,  and  x,  respectively. 

Then  equations  (3)  and  (4)  may  be  written  t_  H,^    and  t'-  P.x 

P  P 

Also  T  =  t  +  t'   equals  T_.  Hy  ,  Px 

P   P      or   T  _  Ey  Px   (5) 

p 
Prom  (1)  AL^j^A.1    and  from  (2)  j^^i^TL    .  ,\   aL^  V  XL- 

P  ^^  P' A^ 


Prom  (5)  and  (6) 


Calculating  this  value  of  jlL"  for  every  member  of  the  arch,  and 
adding  them  together  gives  for  the  total  horizontal  displacement  of 
arch    aL=^^/  ^  '' )^  -f  ^    -  ^J/  j.  Since  the  construction 
of  the  arch  abutments  are  such  as  to  prevent  this  lateral  movement 
or  change  in  length  of  span,  AL  must  be  equated  to  zero.   Therefoie  , 

in  solving  the  above  equation  for  H,  we  get   H=  ^  P  f^^  ■   (6) 

This  then  is  the  generr.l  formula  for  determining  the  horizontal 
thrust  "H",  and  is  applicable  to  any  spandrel-braced  arch.  We  also 
note  thnt  it  contains  the  unknown  value  "A",  the  area  of  the  member, 
so  for  purposes  of  preliminary  design  this  will  be  considered  as 
unity;  and  since  the  tenn  ■Tg- appears  in  both  nuxierator  and  denomina- 
tor of  above  expression  it  may  be  omitted  in  the  preliminary  design. 
Accordingly,  the  formula  to  be  used  for  determining  the  value  of  the 
horizontal  thrust  due  to  a  load  at  each  successive  jenel  point  may 
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"be  written 


H  = 


The  method  of  deteraining  the  horizontal  thrust  as  outlined  in 

the  book  "by  Professor*  Merriman  smd  Jacoty  involves  in  ad.Ution  to 

the  elastic  theory  the  principle  of  least  work,  or  the  internal 

work  in  the  members  counteracting  the  work  of  external  forces. 

Considering  the  arch  fixed  at  the 

left  end  "but  free  to  incve  laterally 

at  the  right,  it  uiay,  \inder  no  load, 

he  represented  as  shown  in  full  lines 

aL   in  acoonpanyinft  sketch.  Upon  the 

application  of  a  vertical  load  P, 

however,  it  will  assume  the  position  indicated  Toy  the  dotted  lines, 

the  right  hinge  moving  outward  a  di  stance  AL.     ITow  if  we  apply 

a  horizontal  force  H  of  sufficient  magnitude  to  tring  the  arch 

"back  to  its  original  position  (shown  in  full  lines)  we  will  have 

placed  the  arch  in  identically  the  position  and  xinder  the  same  conci  - 

tions  existing  in  a  two-hinged  sijandrel-lsraced  arch  under  action  of 

vertical  load  or  loads.    In  order  to  deduce  an  expression  for  the 

value  of  this  displacement  AL,  were  the  eirch  free  to  move  laterally, 

let  P  =1  vertical  load  on  arch 

L  =  length  of  member  in  inches 

A  ^  area  of  cross  section  of  memher 

S'=  stress  produced  in  member  by  vertical  load  P 

T  =  stress  produced  in  member  by  horizontal  force 
of  unity  applied  at  the  abutment. 
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e  =.  change  in  length  of  any  meciber  due  to  force 
of  unity  acting  horizontally  at  the  abutment. 

A=  total  displacement  of  arch. 
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ITow  from  Hooke'e  Law  we  Icnow  that  e  =.i^,  and  ths  internal  work 

in  the  nemlDer  will  oe  eq.ual  to  jS'e  _-^'T;l.   Hence,  for  the  entire 

AE 
arch  the  total  internal  work  is  <.-|-S'TL»     The  external  work  done 

^  AE 
"by  this  horizontal  force  of  unity  acting  throiagh  the  displacement 

of  the  arch  is  equal  to  i-(A.l). 

Equating  these  two  values  of  work,  the  fomula.  reduces  to 

^  ■=  ^^^JZlr  (8) 

Uow,  if  we  let  U  be  the  stress  in  any  menher  of  the  arch  due  to 

the  horizontal  thrust  H,  v;e  will  have  that  U  =  H.t.   Considering 

e'  the  deformation  on  member  under  stress  U,  we  find  that  the  inter- 

nal  work  in  member  is  -J-Ue'.    But,  e'=,  ^.     /,  iUe'_  ^  L 

AE  AE 

Equating  this  to  the  external  work, 

i(HA)_-|U_L     or  for  complete  arch     a  _  1  <  U  L 

AE  H^  AE 

Substituting  HT  for  U,  formula  for  A  reduces  to    ff  ^C  T  L     (9) 

^    AE 

Equating  formulae  (8)  and  (9),  we  get  the  expression  H=  ^  ^""Ae- 
from  which  may  be  computed  the  horizontal  thrust  for  any  trussed 
two-hinged  arch  due  to  a  load  P.   It  is  also  to  be  noticed  that 
this  is  an  expression  for  getting  the  value  of  H  under  any  system 
of  loading,  providing  S'  represents  the  stresses  due  to  that  load- 
ing.    The  stresses  S'  are  always  calculated  from  the  vertical 
reactions  V,  and  V^   the  same  as  if  the  arch  were  a  sir.ple  truss, 
Eor  purposes  of  a  preliminary  design  the  value  of  A  in  the  above 
formula  is  taken  as  unity.       Eor  the  sake  of  comparison  it  is 
interesting  to  note  that  the  foraula  by  Greene  for  H  =  __X5£  may 
be  changed  very  easily  to  the  form  above  given  by  merelj'-  substituting 
for  T  its  equivalent  -^-p  --__^the  H  dropping  out,  since  value  of 
T  is  derived  by  taking  H  as  unity. 
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The  Desipn . 
Among  the  niunber  of  modern  steel  structures  that  spem  the 
deep  gorges  and  ravines  on  the  Guatenaula  Railroad  is  a  three-hinged 
spandrel-hraced  steel  arch  of  ahout  210'  sjjan,  crossing  what  is 
termed  the  Rio  Fiscal.  Since  the  geological  formation'  at  this 
point  was  found  to  "be  ideal  for  the  construction  of  a  two-hinged 
arch,  this  site  wrs  selected  for  the  arch  to  he  designed  according  . 
to  methods  as  already  outlined.   The  present  structure  at  this 
point  is  a  single-track,  3 '-6"  gauge,  deck  arch-hridge  having  pro- 
vision made  for  widening  to  standard  gauge  at  some  future  date, 
and  is  calculated  to  withstand  the  stresses  resulting  from  the 
passage  of  two  73-2  ton  Mogul  type  engines  followed  hy  a  uniform 
load  of  500C^  per  foot  of  hridge. 

This  same  loading  was  used  in  our  design  of  a  two-liinged 
arch  for  this  place,  it  being  found  that  the  locomotive  gave  an 
excess  panel  load  of  35,00Q^  followed  hy  a  live  load  per  panel  of 
27,000#.     Prom  several  existing  arches  of  approximately  the 
same  spaa  as  the  one  chosen,  the  dead  load  per  panel  was  estimated 
as  20,00C^,  and  final  calculations  confirmed  us  in  this  estimate, 
the  final  average  dead  panel  load  heing  19,00C#.    In  design  of 
arch  members  the  Amsrican  Railv/ay  &  Maintenance  of  Way  Association's 
specifications  for  railway  hridces  vjere  used,  and  for  purpose  of 
comparison  checked  "by  Cooper's  specifications  for  railway  "bridges, 
the  two  "being  fo\and  to  vary  "but  slightly  in  final  results.  On  plate 
#1  are  to  "be  found  all  of  the  data  used  in  the  design  of  the  arch 
as  hereinafter  {.iven. 

The  first  step  in  the  determination  of  the  horizonta-l  thrust 
from  the  formula  H=^-^was  to  obtain  the  values  of  x/p  and  y/p, 


9. 

this  "being  acconplished  by  neans  of  the  diac.raris  shovm  on  plates 
#2  and  ^3  and  ta"bulations  on  pl?.te  #4.   By  multiplying  these  values 
of  x/p  and  y/p  with  "1"  we  o^btain  the  values  of  xyl/p,  a  sunr-ation 
of  which  is  in  the  nuraerator  of  formula  (6),  this  being  shown  on 
plate  #5.   Siniilarly  a  siuanation  of  values  of  y  l/p,  the  denom- 
inator in  formula  (6)  is  tabulated  on  plate  #6. 

Tlie  next  procedure  was  to  obtain  the  preliminary  value  of  H 
for  a  load  P  on  each  panel  point:  results  so  obtained  are  tabulated 
on  plate  #7.   Knowing  the  values  of  the  vertical  reactions  and 
horizontal  thrusts  for  a  load  at  each  panel  point,  a  determination 
of ,  the  stresses  in  the  arch  members  linder  panel  loads  of  1,000#  was 
accor.plished  by  the  grai-vhicol  methods  illustrated  in  the  diagrams 
on  plates  7^16,  to  #20,  inclusive,  and  results  on  plate  #8,   Since 
the  dead,  live,  and  excess  panel  loads  were  20,00(^,  27,00C^,  and 
35,00O#,  respectively,  it  was  merely  a  matter  of  multiplying  the 
above  mentioned  stressed  by  20,  27,  and  35,  to  obtain  the  actual 
stresses  in  the  members  under  the  preliminary  values  of  V  and  H. 
The  results  of  this  calculation  are  given  on  ple.tes  #9,  #10,  and  #13. 

Owing  to  the  condition  that  the  arch  is  anchored  at  the  abut- 
ments only,  while  the  greater  part  which  is  exposed  to  the  action 
of  lateral  and  wind  forces  is  at  a  considerable  distance  above  the 
anchorage,  large  overturning  moments  are  given  rise  to,  thus  produc- 
ing vertical  forces  acting  downward  on  one  side  of ^ the  arch  and 
upward  on  the  other,  the  transfer  of  these  forces  taking  place 
through  the  sway  bracing.   We  find  that  the  distribution  of  the 
wind  and  lateral  forces  in  a  two-hinged  arch  is  not  strictly  deter- 
minate, but  aftar  a  little  consideration  of  the  aibject  we  should 
expect  to  find  the  most  rigid  members  taking  these  stresses;  hence. 
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\ia   calculated  that  the  upper  lateral  system,  v/ith  its  heaT7  floor- 
beams  connections  and  heavy  chord  members,  would  carry  all  of  tha 
wind  and  lateral  forces  on  the  upper  chord  to  the  end  portal  and 
thence  to  the  abutment,  thus  leaving  the  lower  Is-teral  system  to 
carry  to  the  abutment  only  the  wind  loads  on  the  lower  part  of  the 
arch.     In  the  design  of  the  sway  bracing,  however,  all  of  the 
lateral  forces  on  the  upper  chord  were  considered  as  coming  down  to 
the  lower  diord.    All  wind  and  lateral  forces  were  considered 
to  act  as  live  loads. 

Since  the  lower  chord  panel  points  are  not  in  the  same  horizon- 
tal plane,  we  find  that  a  load  (horizontal)  at  each  panel  point 
produces  an  overturning  moment  about  the  next  lower  panel  point  to- 
ward the  abutment.    These  overturning  couples,  however,  may  be 
resolved  into  vertical  loads  on  the  arch,  thus  causing  additional 
stresses  in  the  arch  members.     The  stresses  so  obtained  are  shown 
in  table  7^11. 

The  design  of  the  upper  and  lov;er  lateral  systems  and  of  sway 
and  portal  bracing  were  accomplished  ajial;:,'i;ically  and  stresses  found 
are  tabulated  on  plates  #26  and  7f^27.    On  plate  #27  are  also  given 
the  results  obtained  in  the  analytical  design  of  the  floorbeams  and 
stringers. 

Before  a  final  summation  of  the  various  stresses  could  be 

made,  it  was  necessary  tn  accordance  with  the  specifications  to 

take  into  account  impact  stresses,  these  to  be  calculated  according 

to  tha  fonnula,  Impact  -=i  ^  •  ^^^   ,  where  S  is  the  live  load  stress 

300 -H  L 
in  the  member,  and  L  the  loaded  length  of  the  arch  causing  this 

maximum  live  load  stress.  These  results  are  given  in  the  table  on 

plate  #13. 
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The  preliminary  temperature  stresses  were  calculated  according 
to  the  method  given  in  Higher  Structures,  Part  IV,  a  method  "based 
again  on  the  elastic  theory.   By  mesins  of  the  displacement  diagrcja, 
so  called  because  it  gives  the  relative  displacements  and  final 
positions  of  the  various  panel  points  due  to  deformations  in  the 
stressed  memhers  of  the  arch  when  all  points  -  except  the  midcllo 
memher  *  are  considered  free  to  move,  we  found  that  under  a  rise  or 
fall  of  temperature  of  50  degress  Fahr.  the  ahutment  hinges  would 
be  thrust  outward  a  distance  of  239",  assuming  for  ease  of  calcula- 
tion an  area  of  unity  for  each  of  the  members  and  an  value  of  10,000 
pounds  for.  the.'ooefficient  of  elasticity  E,  a.nd  stresses  in  members 
those  due  to  a  horizontal  thrust  of  lOC^,   This  horizontal  thrust 
can  be  used  in  the  calculation  of  the  temperature  stresses,  because 
it  is  well  known  that  the  effect  of  changes  in  temperature  on  a  two- 
hinged  arch  is  to  produce  stresses  in  arch  members  the  sr.me  as 
those  caused  "by   a  horizontal  force  applied  at  abutment  hinges.    A 
reduced  figure  of  this  displacement  diagr&.n  is  shown  on  plate  #12, 
the  short  heavy  lines  denoting  th  deformations  in  members  and  the 
light  lines  the  direction  of  movement  and  final  location  of  the 
various  panel  points  with  regard  to  the  fixed  member  LL' .  The  Actual 
movement  of  the  hinges,  were   they  free  to  move  laterally,  under  a 
rise  or  fall  of  temperature  of  50  degrees,  we  found  to  be  210'  x  12** 
X  50  X  .0000065  =•  ,819 ".      How  ta3d.ng  the  deformation  of  239"  ob- 
tained under  the  assumption  that  E  is  10,000  and  A  unity,  we  divide 
it  by  3,000  x  26.5,  the  last  figure  being  the  assumed  average  areas 
of  the  members.    This  gives  .0015"  total  movement  of  abutment 
hinges  under  a  horizontal  load  of  10(^.   Dividing  the  amount  of 
movement  of  hinges  occasioned  by  temperature  cinnges  by  this  value 
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gives  27,30C^  as  the  anount  of  horizontal  thrust  reiiuired  to  coiinter- 
act  the  effect  of  temperature  changes.   Multiplying  tie  constants 
given  in  talale  ^14   "by  tliis  value  of  H  gives  the  stresses  in  the 
arch  memTaers  due  to  this  cause. 

In  determining  the  final  temperature  stresses  a  final  displace- 
ment diagram  as  shown  on  plate  ^''IS  was  constructed.   The  deformations 
used  in  the  construction  of  this  diagram  were  calculated  from  the 
usual  formula,  hut  using  actual  areas  in  place  of  assumed  areas. 
The  final  value  of  horizontal  thirust  due  to  temperature  was  found 
to  "be  17,850#,  and  the  final  stresses  as  tabulated  on  plate  #24  and 

#25. 

With  all  of  the  preliraina^T"  stresses  determined,  as  shown  on 

plate  #13,  we  proceeded  with  the  design  of  the  arch  mecihers.   In 
determining  these  preliminary  areas,  as  well  as  the  final  areas,  the 
wind  stresses  were  not  taken  into  consideration  unless  they  amounted 
to  ZOf^   of  the  sum  of  the  streoses  froxr.  all  other  sources.  Fnere 
they  did  amount  to  30fo   of  the  sum  of  the  other  stresses,  the  design- 
ing stress  was  increased  25f^  over  vftiat  ordinarily  would  be  allov/ed, 
this  being  as  per  specifications.   The  web  tension  members  were 
designed  under  an  allowable  stress  of  16,00C^  per  square  inch,  and 
members  in  compression  according  to  the  straight  line  formula 

S  16,000#  -  70r  ,   V/here  members  were  found  to  undergo  a  reversal 
It 

of  stress  during  the  passage  of  a  train  over  the  structure,  50f^   of 
the  smaller  stress  was  added  to  the  larger  and  member  designed 
in  keeping  with  this  result. 

After  having  determined  our  preliminary  values  of  the  areas  o4 
the  members,  we  proceeded  to  determine  a  more  accurate  value  of  the 
horizontal,  thrusts  from  loads  on  the  different  panel  points.   It 
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13. 

will  "be  reneinTDered  tliat  in  obtaining  the  prelininr.ry  values  of  H, 

:$R*yi 

we  treated  the  ralue  of  A  in  the  equation  H=:^-&4^a8  \anity,   ITow 
coing  back  and  placing  these  preliminary  values  of  A  in  these  equat- 
ions, new  values  of  the  horizontal  thrusts  were  obtained  as  shown 
on  plates  #14  and  #15.   An  inspection  of  the  preliminary  and 
last  named  values  of  H  obtained  show  that  there  is  but  little 
difference,  so  little  difference  in  fact  that  it  was  not  considered 
necessary  to  make  a  third  calculation  for  it. 

With  these  new  values  of  H  given  on  plate  #15  the  same  proced- 
ure as  has  just  been  outlined  was  followed,  preliminary  diagrams 
corrected  in  their  values  of  H  and  new  diagrams  drawn,  from  which 
were  scaled  the  true  stresses  in  the  members.   The  diagrams  on 
plates  #16,  #17,  #18,  #19,  and  #20  show  the  stresses  in  the  arch 
members  due  to  loads  of  1,00C#  on  panel  points  1,  2,  3,  4,  smd  5, 
respectively.   These  values  are  tabulated  on  plate  #21,  and  the 
siimmation  column  gives  the  stresses  in  members  due  to  a.  dead  panel 
load  of  IjOOC^  on  each  panel  point.   The  actual  dearl  load  stresses, 
obtained  by  multiplying  the  values  in  the  stimmation  colvimn  of 
plate  #21  by  twenty,  are  tabulated  on  plate  #24. 

As  in  the  preliminary,  the  values  of  the  live  load  stresses  due 
to  a  panel  load  of  27,000#  are  obtained  by  multiplying  the  constants 
in  table  #21  by  twenty- seven.  These  results  are  tabulated  on 
plate  #22,  and  stresses  due  to  excess  panel  load  of  35,00(^  are 
given  on  plate  #23.   In  determining  the  ^Rximvim  stress  in  a  member 
we  placed  the  excess  panel  load  at  the  panel  point  giving  the  great- 
est stress  in  the  member,  and  considered  the  remaining  panel  points, 
causing  the  same  kind  of  stress,  covered  with  a  live  load  of  27  00C#. 


14. 

The  final  stresses  caused  "by  conMnation  of  live,  dead,  wind, 
temperatiire,  and  impact  loads  are  taToulated  6n  plate  #24,  and  a 
summary  of  all  stresses  together  with  final  design,  size,  and 
weights  of  men'oers  are  giv??n  on  plate  #25. 
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Upper  Chord 


Member     -p- 


Verticz^b 


lYl^mb^r 


>   .535 
-  1.452 


-2.370 


.358 


BJ      -5.070  '4  2.215 

"fL -7-020  '^  2.549 

6L^ -7-Q^Q  |»  2.549 

BJ       -7.622  k  ^-^IS 

BH'      -6.985  L  I.5Z0 

bf'      -  5. 840  ,4.  .850 

'     .4792  ♦  .358 


Lower  Chord 


member 


qC-      f  1-55     !-    1-969 

J 73.045  -  2.58^ 

HK   ■  .  5.Q9     -  3.:?^3 
f]K'     ^7645    -  3.773 
1'      .7.145    ;-  2.581 


q^'     .6.216    I-   1-969 
AF'     *5.38o    -    1.520 


-  1.000   *    .665 


-  1.265  t  .6S0 
-1.530  ♦  .674 

-  1.460  »  .550 
-1.375  t  .235 
1-   .427    i-  .235 

-  ,500  »  .550 
-1.140    *  .674 

-  1.440   *  .680 


Diagonals 


k  1.13      h     .755 


t  1.565   -    .840 


+  2.150    -    .950 
+  2.678    -    .886 
t  2.380    -r    .409 
-    .74      -    .409 
♦    .81      -    .880 

t  1.615    -    .950 
♦  178     -    .S40 

^^gMHM 

- 

T         pa 


upper  Chord 


4^0ZZ_-__  4.02 
ZS.9I8  -    29.94 


6H  -94.S20 

BL  -35-7-770 

BL^  -357.770 

BT  -354.480 


-  124.76 

-360.^9 

-7183^. 

-1094.13 

-144-8.61 


BH  -222.930  . 
BF'  -110500^. 
BD'     -36.030- 


167 1.  ^4  _ 
1712^04 
1818. 07 


Verticals 


— P-^— 
BC     1-35.578 

DE_  -34.095 

FG  -29  J55 

HI  -19.319 

JK  -  5.36)3 

j'k'  :^J-660 

Hi;  ^5.811 

f'Ct  -22.i7S^ 

d'e"  -38.815 


Lowtf  r  cShord 


i:^        Member 


FjE  -  2l.532h  ZI.532; 
qG  :  68.273r  89.805 
Rl      -  169.190^  258.995 


^ -  169.190-  258.995       IJ 

RK     -345.210-604205        KL 


f\\'  -396. 460 -15/9.335  I  i'j' 

F[Cx'  -273 .800 -1793.135  G'ri' 

FjE'  -193.010-1986.205  FF 

flC  -142420-2128.625  CD 


■  38.271-38.271 

■  46.931  -  85.202 

■  60.882-146.084. 

-63.5^4-209.648 

■  25.132  -234.78 


7-812  -226.968 

■  19-226-246.194 
•45-728  -29i.'3Z2 

■  53.344-345.266 

■  60.964-406.230 


F'rel  immary  Vcilues    o--   "H". 


n  on  joioT     I 


4.022  I7f 

0.0  l^^B 


on  joi'ni'  '*'Z. 


35.S78 
38,271 


77671 


70.^835 


1762.04. 

189.262 
345.266 


4302.773 
I 


.0.2773 
/0.aS39 


'00.3612 


2  02 1.4 1 


A    on  join-r  ^3 


174.76 
89. 80s 
99.431 

)4G.054- 


4b0.oSo 
7 


1448^1 
)5I9.335 
126.272 
246.194 


3342.4.11 


322.056         1002.7233 
322. 0S6 
1324.7793 

t+=i||fm3^.655m 

2021.41  - 


29.94 
71.532 

69.676 
85".  202 


206.35-0 
8 


I65'.080 


702  1.41 


167). 54 
1793.135 

1 50.447 

291.922 


3907.044 
.2 


.  51.4085 


946.4865 


==——#= 


■  y\    on  jo«n-t  ^4- 


360.590  1094.130 


258.995 
M&.750 
209.648 


947.983 


SGS.-IS"^^ 


7021.41 


1122.875 

122.453 
276.966 


10  26.5704 
566.7896 
1^95.3602 
7892  Ti. 


on  jOtnT  "^5. 


718.360 

604.2  05 

124.113 

234.780 


1681.458 


840.729  y-7  =  1681.458 
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preliminary  Lwe  Load    5"t"resse5 


ItlfmkrJoint^ll    *2  i   ^3      ' 


BD   H3755  I-  5715 -4760-    1225  *  I33Q.  24-iS  ^2590  ♦2S20  ♦  179^ 
_BF;-)2900 -26110  rl5900-  6530  0  O400*  4420  4  4445  .  248S 

_BH   rllQOO  1-22610  [3]5QQ  '2OQ00  -  6510  ^  I050_*4)30  ♦JUS  ♦311 0_ 
_  BJ    -  68OO-I5470-333OO-4430O-223OO  -.8100-  1575  -2740  y  IW^ 

BL    r  1680  V  Sb2 ojiU  150  -26400  - 46000  -26400 - 14|50  - 5620  -  1680 


J\C    ;- 16500  |-20)9S  '-278OO  -33SgQ  -35500  -33000-27800  -20195 -1059o_ 
flg    j..  5500  -  6715  -20500 -20500-3450004-000 -26900-21350-1134-0 
/^6   i*4450j>IOI85;-  JJ-JO- 22500 -3U50  -33400-29400  -27365- 12000 
qi    L  7310  ♦  6730itl4700-  6050-23600-29600 -28Q0O-22IS5;- 12)80, 
f\K   I-  1995-  10/5  *  5080^16400  -  735-0  -19370  -21600-18830-10870 

6C  1-25700-16315-9030-  2340  ♦  74i:0  ^4375  ^4830  ♦4l60->2350 

DE  |-340Q0-24I15  -15600  -  7730  -  1750  t  1330  ♦  2520  ^.2590  +  1680 

FG  >   I960-3I50Q -21900-13300 -6500  -  2380  -    2gO  ♦   JOO  *  630 

HI  >  30I0|^  5705  -27600- 19300-12250  -7700-4540-2345-  876_ 

JK  ,♦3780*  7070*  9380-22200-16900 -17500-  8870 -56^0- 259Q_ 


CD  |t79000 *18600, ♦10200  ^  2630-  2800  -  5000-5500  -4700-3700_ 

FF  I-   l77Q»298bo>19600*  956o>  7770-  1750-3150    -JjSa  -2030_ 

QH  -  2730  -  4900*30800*18700*  9300*  3330  *    385  -  i050_-_  875 

IJ  h  5220-  9130- 11000*31000*20200  *I2350  *  V^O  *  3750  ^U  00^ 

KL  -  6770-17100  -17350-27100*29300*71700*15400*  9700  *4520 


Ppif lirninary   Lt've    Load    Stresses 
due  1*0    cx    P»ne)    Los^cl   o{l    IJOOQ' 


BF   J-  9070-28180  -I2250h5260|         0  »2620t  3400^343ok  J9l 8 


BH   Ir  85OO!-)74FO-290O0Mg450  -  I52S  t    8l0  »  ^185  ^3970  ♦  2405 


BJ  r  52^0rl9920'2)800i-34l00}- 17250  -  6700-  1715    » 1730  *\5Ao 


BL    i-  1296  ^432O-IO900i-2035gj-35500[- 20350-10900  -4320  -  17^6 


-5^-  "-,Mo_ii^Or2M^Ql-2S9O0- 27500 -2^700  -21450  -15600-  S'FO 
/^E"  >4740-  672s  -15850 -22950-26600 -26200-22280- 16480-  8750 
RCt  !f3430  »  78501-  6000 - 17320- 242 5o!-2 57^0-22700-17250,-  9260 
HI     »l78ok48Q0|»ll3O0 -  6200.|g)2?o'-2?850  -215701- 17106  -  <^40Q 


IK    '154.0-   785 1»  39(0  ^■)2650-5680|-I490Q -16700-14500-8350 


BC     -198001-17650!-  6970-  IBIO  k  1890  +  3380 ■»  3726  i.  3213  ♦  1809 


PF    -26200j-)8600j- 119001-  5920-  i350it  1025  ^1945  t  200C^  1770 


F^    V   1515 '-243001-16900-10250-5000  -  )835-  2l6L5'4oL486 


HI     ♦  2320  i»  44.00-2)300 -14900 -9450;- 6940 -3510 -I8IO    .675 
TK    ♦  2835i^  5460^  7240 --17150  I-  1300,-9650  -6855.435'5  -2000 

^_  I 


<:D    :»224lO  -^14337  ■»  7850U7025  I-  2I60L3860  -4240  -3618  -2079 


FF  |-  972  [t2295o|»l46S0  4  73S0 1»  175"? -1350-2430 -2457-1566 
QH  |-2)00|-  378Q»237FQ  ■>l4450'i7l^Q  ^256g->  297-  810  -  675 
IJ    -4023  U  7047  ^-9180  .♦23950^(5500  -r  9545" -^  5620  +2889  ♦  I08O 


KL    j-4833  i-9342  -/34OQ-/7000  +2255'0 +16750  ^-i  1840  +7479+3483 


7\inc:i    STr^rsses  in   /^r«^h  Members  clue  i"o    Vertical 
Loads    rtf=suli"ir»^  -from  OverTurnina    lYlonnffnTs     s^bout" 
■  Lower   panel   poinds. 


Load  iZeiooj  17300*10200  39o(r    900  3900  lozoo*  q3oo2k>\o6 

6D    .|0250:-43|0-1385-    13?^     34.    270+  7S5>  1246 .  %7 

3F     -^625rl2900-4b30-  758  0  .  378 -.  1760  +  2200  ^|650 

^^'^    ^S2po;-lll70  -10930-2230-    1 67  *  I  (7  -^  1227  .2280.;2320 

B  J   I-  5070'-  7630  -  8230-  4  930  -  JJS^  310^  ASSU\\0%  -  J490 

_^J3l.„-i252-  2770 -4I2A-  2940- 1087.-2940-4120  ^2770  -1250 

■ \ I ^ I 

J{C    -  7j30 -10000 -8)00-  3740-    321  -  3720  -  8)00-/0000-7^00 

_3Z    ^  4100  -  4310 -g978> 3320 -88S-3180-  §420  -1057O-  7750 

_^^<^t^*  3320  4  5030^265.  7  SCO  -  J,08^372A^S600-l  I  O70^89iO 

qi     ^  1720  *3080t4276;.   897  -  608 -3300- 81  go -|  1000.9050 

F|K    -  1485  -    502  1 1480,tl835  -    189  -2150  -6320-  9300-8O6O 


6C  -19180- 8100 -2630L  2621^  63 
_pr  -2F3O0-I193O  -448ol-  8fe3J-  4S 
FCt  ^  1460-15550  -6375^482  ,-  1 66 
HI  f218Oi^282Q-8O40|-7l5O  |-  3[4_ 
JllJ^  2^40:0490.2730  |- 247s  -  433_ 


CD  ..7170049175*29701*  293-  72 
^V  -  938^4700.55404)065^.  58 
6H  -2035.2472.8925^2090  4  239 
IJ  .3890.4510  -3470.3460.  5')& 
KL    -4o:'5- 60001- 5070-24601.  752 


4    49  .7100*2060.1750 

4  148  4  7-35  4  1280  4  1225^ 

-  265  -  82  .346  .  470 
,-  858-1325-1160  -6525 
-1405-2580,-2810-1930 

I 

1-558-1600.2320.2010^ 

-  195-5)18-1580-1520 
;.  370.  I  12  -  520.650_ 
.1375'. 2120  .1850,4)045 
'.2420.4480  .4800.3370 


■Final     Dia^r£\m. 
Vkii'^fi's  oj  tt.^P    L,  &  -F 
ss^me  as  oiven  below.     A^s. 
2>ctL/2i  1  s^rea  o|.  member. 


FVel'mmary    Dis^crram   pivmor  trorizon'tal    Oisp)?»cement'   Or 
^rcK  under  a  "Tern perai"ur*e  Load   oj-    tt^JOoT     0€--arnTia'1"ions 
calculzxTcd    fronn  4-ormu  la    N^Et^wher^    P=- srfress    in   .nember 
due    "to    tf=  lOO*^    L=  len^h    o..  member  m  inchm^ ,    f\='2\r«a  o.-  \jr\&y_, 

F"s  lo.ooo. 


t 


P'rel  imioarv      Stresses. 


"Totals 


lYlemberJI   Dead    ^-Livc     -Live     lrr(pac"t"  "Icrmp.     jVind     '  'wir>^.     'vJ^rnd 


go      -104-60     7828   25/15  -  19100  "^780- 16085  1-1^^0^^1-644^5 

.   ^3^      -26860  1/368     535*30  -dOlSO   24600-27913  I3007/3 -140 800 

BH      -48140    10370    8392S-60300  4 150 g_- 528 1 4 ^40629^23386 5 

BT      -  70380    3270  ,  lOSAlBi'JOJOO  60500^-33059  -441064-310005 

^  BL -8oeoo O'l  19732 1-70500  69700  .-204SO  jj-683j2^40832 


-/25420  0  j  177450  -69200;  33600-597  llj-489381  ^05870 

^104840  4240J53735  -91300  41500  -450)3  :482378 -39)365 
-  82420  J12 80  /30 1 80^-85000^  53800-37900^454600-351400 
-57360  /1880  J02l20;.7030o;  70500-33035  4l08l5  '3007f^O_ 
-34000   16560     67355-43800    88OOO-2800O:.343i6O -233155 


-20180    14018    47l30^368OOl  I8i50;-2l022  -133212-112260 
-428O0    6240  ,  70470  -50600   18550-42625-225025  -182420 
.4;i740     2541      65701  -4730OJ  18400-22920  rl9606l:-173l4l 
-37660    6120     64875-42200'  1 5000 -20375 '-I852I0  -/64335 
:27760  15535     58060  -39800   64200-11900  -143940 -13204J 


CD      .22720  532)2  .21700   +40400    20600-.34I50;*I7I080  J36930 
FF      .28120.53585     9490  :*40700    22940.2l863jtl67l68  M5h05 

(J^ -30260  55262     8491  .O9S00  25900  . 1 1650  /162S72  J5/222 

JJ ^28380  65634  22970  ,05000  24250  4.|0368!*l63632.+153264 

KL      .12980:68852  49675^52300   III50  +15822  Ll446O2.l28780 


VaJues  of  '^ 


Copper  Chord 


lumber 


I-       .3231-      .3Z3| 


-  lAS    '    2.473 

-  6.45  -    6.923 

1 

11.47  -20.3*93 

-  15.21    -35.603 


-    15.21    '-50^813 


-   17.25    -66.063 


-    15.18    >83,243 


-    9.15    -92.393! 


2^99    -95.3831 


-     1.732-     1.732 


-  2.8251-  4.557 

-  2.465.-  j.uii 

-  .1.603;-  6.625 

-  .445!-  ^=^.070 


*      .138  -     8.932 


'       .4S3'-    9.4)5 


-     1.835-  11.250 


-  3.215  1-   14.465 


Fix!<sd 


Lower  Oriord 

Diapoo2\l5 

ma^sm^m 

Mernbe 

B^a^H 

EMBI^^l 

CD 

-  4.29   -    4.29 

aE 

-       .813-      .813 

ET 

-    525    -    9.54 

f^Cx       -     l.'HO    -    3.703 

GH 

-    6.82    -  16.36 

ai       -     8.23  V  11.933 

IJ 

-    7.12    -  23.48 

P 

\K      '  17  .41    -  29.353 

KL 

-   2.82   i-  26.30 

f\K      -  26.15    -55.503 

kL 

^.     .875-25  425 

P\\       '  1^.29    -74.793 

IJ 

-    2.155  -27.58 

P 

l^"      -  11.64  i- 86.433 

CtH 

-    5  12 

-32.70 

P 

^ms^B^M 

cV 

-    598 

-  38.65 

P 

|C'     -  4.84  r ^8.573 

CD 

-   6  83 

-45.5) 

i.  \ 


If 


■PlnsNl    Va'«'-'^s     at    "H*. 


on  joinrt  '**'|. 


23  92.39 

93.73 
'32  I4.465r 


' »     on   joinT  '**'2 


7A-J3  83.24 


.323 


6.345         239.265 


.812) 
4.557 


17.383 


86.43 
I  1.2s 
32.70 


2)3.62 


13.9064  42.724 

13^064 


56.6304 


on  Joirrt  ^4.. 


68.06 

74.79 
9.4)5 


53.9535 
25.2035 


79.1570 


20.33  30.81 

)).93  55.50 
8.65  B.93Z 

23.48  2  5.425 


6445  )40.( 

.6  A 


3S.(hl  56.2668 

38.6- 


94.9368 
-■?f^^^^^.82>974y( 


1 13.054 


*5 


35.60 

29.35 

9.07 

26.30 


)O0.32 


50.16  ^  2  -   I00.3Z. 


)  I  3.054. 


Dl<:70'r--rfm  .      Lood    oj^     lOOO     on»  jOioi"  ^**'^ 


Scr:«n  l<s, 


=  200 


H  •=  700^     -f 


-H-=  e>A.o 


ennrt.     LoocH    o^    lOoo    on   joioT       -4-. 


3'tness    Dxn^oram.       Lood    cjj-    iooo*on    Joirif"*^^ 


Final    3tre33e3    dc;e  to  a  Smole   Load    o-- 
1000*" cnT  ecich   panel  point'^  F\re2\s>  consider^'cL 


1ew.M*l^_3      

Bp„"  -_318  -  .25ol-„_l 2  ojr  2 1  +  4-7  ^  60  ^  88 
BF  -360  -  737  -  A17  u  163  i-  21  1-  /27>  i^o 
9H  -297  -  622 -lOll  -FIO  -  J5l  ^  bl  ^^  qS 
3J  -i_6_5_:  406  :  7J_9  -Ji7Crj-  578  -  j^2l*_^C) 
BL   -_IA-   '  15  -  368  -  650  i- 1245  |-  650  -  3(,S 

f]C  -3\S  -  602  |-  845  1-1008-10551-1000  -  54-0 
15_+  139  I-  280  -  647-  9)2  -J035  -l04o|-jS56 
q(j  ^  104L  251  -  300^720^  g5&z'-P30|-_-9 18 
qi  ^  36t  127  +  315  ,-334^748  r  945  -  .8^7 
,^K  -  .97^    93 '-r      16  1+  340-3051-^75 -745 


466,-  230  -  40  t  85, t  150  j+i60 
CrjS  !-  4l4J- J95^  35^  +.^5^ tiOO 
888L600J-350  - 173  -  40  -r  'S 
172  ;-  770  -  530  -  337  n95j^l  10 
207Tr300  -  625  I- 47s   -  347  -  243 


*    67  if    40    -457^ 
t  135    i-  80    -1154 
t  166  +  107    -2035 
t  102    t    85   -2979 


-115    -    14  1-3539 


-%00 

-3  16    -6581 

-637: 

-  340-5638 

-675 

-365-4611 

-683 

-375-3507 

-603 

-348.-2513 

+  131 

;+  74.-861^ 

■^91 

^^.    55  M96I 

L-l53  -   18^1748 
1-152    -   70-1297 


CD>  823  k  528  It  260  t  4S   -  95  -  170-/80   -l4-9    -  84  +981 
ffj.^6  +  831   t5l0  t242  1+  41    -  _70  -I20    - j  14    -  68  -r  1206 
:iHJL89  -  159  K  845  U95  ^245  t    55  U    25  ,-48  :-  38  .  1331 
XJJ-I6J   -277  -374  +850  t  545.315  |t  175  *  85   +   29^1187 
KL  1-185  -357 '- 515   -645|t  820  t600>  418  U264  |.  121  k  521 


■Rnai   Live  Load    Stresses 
dt^je  to   a    Live   Panel-Lodd    of    77OO0I 


IY!fml>grl).tTt^. ,   ^Z  ;_;^3 . j_,.:U  j     ^S      ^6       »7       ^^6  :     *9 
BD    -10490-  6750-  3240-    567+    I268.-^  2/60r  2375-   iftiO  -r  1080^ 
BF    -  972F -19900 -11250-4400  r    568 -r  3430 -r  4320  t  3645  v^'^O 
BH     -  &O25-l679O-27300-J3770-4080^^^  2350-^4725  ♦  4560  ♦  28.90^ 
BJ    -4460-/0950 -19410 -31750 -15600 -4375  ^1080  t  2755  ♦  2295 
^L     -    37&-31Q5  -99^0 -I7550i- 336001- 175^0-9950 -3105  -  378 


f|C  -  8510 -16250 -22800-27200 -28550 -27000 -22700  J6200  -  8540 

HE  t  3755^-  7560  .17450-24650.-27950  -28)00^23950 -JTlpO^-eiSp^ 

R6  -  2810  f  6775  -  8100  -19450-25900 -278QO  -24800 -<8270  -9850 

m  -972    t3430  ♦  8500-  9025  -20200 -25500-24200 -18430  -10210 

RK  -2620  -2510  t  432^9<90-  8250 -18300 -20100 -/6280' 9400 

:  -  .      : ^ ^ ^ __^ ^ 

3C     -19590-12580-  6210-  I08Q  |t  2290  [4  4050  V 4325  ♦  3535  j.  1999 

I  PF  !-26Q00 -18220  -  III80  -  5270  I  946^)755  L  2700  t2455  ♦  1485 
rCr  +  1728 -23950 -16200 -9460 -4675  I- 108,0  ♦  486^  9t9  '<*  103 
HI     +2510  1 4640  -20800- 14300  -  91 10  -5270  ;.2970  -  Ii30  I-  486 

I  JK    ♦29)5  it 5590-^  8IQ0-I688O-J2820-937?  -6560^4110-1888 

i  i 

! ;. i 

^  CD  ;r22250-r  14250  4  7030  +  1296-2565  -4590-4860-4025,^2770 

FF  -  1241  +22450 1 13770  T  6540  1 1108  -  1890-3240  -3080;'-  1837 

(?H  -  2405  -  4290  +22800+13370  +  6620  1 1485  +  675  -1295-1027 

IJ  -4340;- 7^80 -101 0 0  +  22950+14700  +  8510  +4730  +  2300  +  783 

KL  -4990;-.963o'-l3900-n4i0,+22i50  ,+ l6200i+ 1 1300  + 7/30  <- 32 50 


Flnz^]    Liwe  Lo^id    stresses 
due  to  f^xcess  Load  of   3500o' 


H((r\kfh'o\nf^i\     " 


BP   -13550  -  8750  '4200  -  725  i-  1640  t  28O0|t  3080 .  23S0k  l400 
8F   -  I2580p 25500 -14600 -5700  t   735  ^4450 L  5-6001.47301^  2S00 
BH  l-IOiOol-  21800:. 35400 -17900 1-  5300  '♦  3450  >  6130  ,.  8920 13740 
BJ  [^  57701- /4200!-25l00-4/700;-202OOL  5660 L  I400  |O570;^2970 
BL  |l  490- 4025- 179001. 228O0t-4360Oi-228O0i-)2eoO  1-4025  -  490 


qc  J-I|000j-2I200  -29600^35400|-37000'-3500C>-29400|-2I900  -II07Q 
HE  k4870  -  esOO -2260O-3l9O0p363OO -3640^-31000 -22200-1 I90O 
HG  k3640  k  8800  -10500 -252001-33500  -36)00  '-32100  -23600 -127SO 
qi  1^1260. 4450  1 11000  !-i)700  1-26200  :-3310o|-3l300|-238oXi3200 
HK  II-3390I- 3250r  56OUl9O0|-lO66OK237O0[-26000|-2(IOQ  -12200 


BC  1-25400  -16250  r  8050^   1400  |-.  2970|t  5250^  5600  k 4580 !-r  2500 

DE"  -33700-23600  -14500  >  68301-   1225  *  2280  ^  3500  4  3i80  ,1  1930 

fCr  L  224QJ-3I000  -21000  -12250  I  60SQ  -  1400 Q  ,  W&S  >    9)0 

HI  i*  3260L  6020  -26900  .|8500;-)l800  -  6830  1-3550  -  1850  ;-   630 


JK  1-3780  >  7250  L105OQ  -2l900-l660oll2l50|-g500 '5330!- 2450 

I  1  J 


^P  1288O0J85O0  It  9100  It  1680  -  3325-  5950-  6300-  5220-  29iO 

fr  i-  1610  |t  29100  |tl7800k  8i70 ,♦  1435  -2450,-  4200-  399q|-  2380 

M  J-^ioJ-  5570  .29600 1 17320'^  8575  1 1925  jt    87^-  <^80i-  1330 

IT    -5640  -  9700  |- 13100 ,r29750^.  19100  \^\\030 *  6120U  2.980-*-  1020 

KL  ,-6470-12500  -J8000 -226O0lt287O0  .2/000  .14650-*  9240+  4240 


Final 


(  Max) 


fcit'^x  Is. 


Membfii-   D<rad  ^  Live     -Live     lmpac:t  lemp.     Mind     ^'thnd  ^^>!i?;3 


BD    11-  9140     9065    74/07-16300  '  6A00  -\eOS>S  -IA853?  -5l'UJ_ 
Br     -2308o[  14763,  5/1*75-38900   1^200  -27913  |-288Z6g-l2g3S5 
QH     -4Q700    15675    78065>56IOO    27150  -32874  -408829:2020 15_ 
B^:^9550     5050    ^7075-63200   39400-33059-4^07/4-259255 
6irT70780  0  /Q5566-62/00  45500 -20480-5/ 1^26-283946 


qC     -13/620 0    186200-1 10500    2  1400-597/1    -53323/ -449720 

P\g     -H2780|     3755  164340-102400  27150-45013-49/683-406670 

HCr     -92220     9555  142  420- 93000   35200-37900-4-60040-362840 

Ji r20i40__j5402. 115  165. -77900    46000-33035-4(9740-309205 

F\K    1-50260    12332    84/30-54700   576OO -28000 -356690-246690 

- 


BC     1,-17220    1746545270-34400  11900- 2 1 0 22-/298I2  -108790 

_D?J-3922jO_  JI95_693j6,-49&00  12150  -42625  -2I3H1  -170486 

r6    ;|-38i 80     4348   6 24 '5^-44 9 00  12030  -22920  -180445-157525 

HI     |U34.960|    8530   6 0466  -39400  9820  -20375  -165021  -144646 


JK     -25940|  19005  56653  -3S&00    4\\0  -Il900 -/3690Q-)25000 

CD  |t/9620  5/376  19750  ^-39000  /3480  04/50  *|57626 -123476 
Cr  Jl24_l20  J05J8 J2248j:38300  15000  > 2/ &63  J4'3800 -127938 
6H  1^26620  5/750  10297  07200  /7OOO  ^11650  *|44220 -132570 
J  J  [!-r23240  60773  24920  1.4/700  157OO  ^10368  ^152281  -I4I9I3 
KL    f7o420  66560  Jj  120  >5O6O0    7320^15822*150742-134920 


aj  ^^:;^  ;;:'  vxf  r-i  o-i  r~-r^ 


(Tj '  ~>7 Ln ft^j  ^J  vDJ  — I  ^1 T^  !  >0 i^ i  P} n£> 


?2!tr  \f5;^  «2i  «dicO|«6|o' 2  ^  " 


o  "o  o 


'   >-0     O   ^     O    Lo  ■•  ' 


'  ^  ^  y -.  ^  ..^  .<  .■^ 

»      'i  '    ■    '  \  ^  ■-   '     •         ^D    vD  'vD    \n 


1^     /     <,/,<.-  ^ 

«<i   «0    ^  r^   '^   ^'    Vi    O    " 


r*  C^   r^  tM  r^  c^  -^   ^  -^   "^   ^."^  '^   "^ 


j^r<«   t-4  t^  ^^ 

V*    o   ^  ^  Q 

X*    ^    i/i  'Tt  ^ 

tr?  i^  vD  vs  5^ 

^L     tO    Ifi  vX>  fJIj 

^ifi    1?    r4  ^  ^ 


r^  csi  t^  r-j  «^  t^   i^!  »<^  r^l  rJ  — 


(L-   c  o  o 

:'.  o  o  iT) 


;    O    o 

•   o  in 

-)  -^   — 


o  o  o  o'o  5  o 

^     -^      Q      O    LO    f^    <^ 

r-i  q  vD  (TN  -  o  00 


^^:in  -i^;-|      i 


o  o  2^ 

00  o   o   o 

'^  o  or- 


in 

rv    I  v' 


'ct;   oO    t; 

r>    r-  ^ 


3'^^ 


>   o    o  o    ^  Lo  ^^    o  o  rJ   o  o    o  »-o 
(Tin  —  cnooOoDcPooLovOo^^Lo'^ 


_  4,.j4_-';.,J!i     »-.    >:     »:     «;      'I    'I     ':     '       «r'|     'i     '|-»ii»'!*'l     ■■     Li . 

Ill    ..-*o?.w.^u.o..«  o^uSoSoS^?     ^o^o2u>!3oSo«    5    2a£">    o 


^  _  ^  ,. «, 

Gj.  t-J    ^  u» 


r^  vx>   r~  r^ 

o^2  y 


o   o    o    o    o    o    '^   o    o  o   O  o    o 

CM  ^  vo  r^  ^  «  ^  2,  ^  C-.  <:»  ;;2:  t^ 


f^  vX)    r~  r^    —    r~i    j~^ 
>^    -    C^     r>.    O     o     r- 


CD,  ID;  CI  fC 


-I  o ,  »**]  \5!  -!  ^  viiiuj  s»i!  —  h^  Qiu-i  TJH 


DeSICrrS    OF  URF'eF?    LR-rFFfRL   5vs"rE-M 


%n<A  +  laiWral  force  <=  (zoo\  lO%  25oo)  Z|  =  345*ot  p2,ne\  load 

Si'resse'S  ■  (  Live  Load) 


o-i  -BD— 74.500'^ 
»-2  -  BF  -- J32.00O* 


2-3'- ^^3,  4 00*        M     2-3^'*3"x^"L». 


2-3^  PH   --'74. 000  2-3 -♦^3400  M      2-^5'*^''^ 

4-5=  BL  --207.000*         4-5'  =  *28.^0Q*        M      2'32"x3"x|'] 

fVl3>^.  stress  0^-20250    I'n  struts  taken  era  re 
o-   in  desiorv   oj-  Kloor  beams. 

PgSJgfN   OF  LowgR   L>^-rgf?aL  3YsTgry1  ■ 

yfind   pcTOfil   load  -    200'k  275'-   45-00^  [horizontal) 


*3"t"r6»3se'5   (Live  lo2»d ) 
10-11'  =  + 29,  SOO* 
II- 12'-+  23.900 

12- 13'=-^  )7.8'00 
13- 14'*  +  I  1.000 


10- \l  =  fJC- -23,800  10-11  =+ zy,^<-'tj  lu-io --  iitw',  >io<^ 

n-i2r  ^f« -46,ooo  1 1- 12'-+ 23.900  11-11' ,-  18  000* 

n\:b^  F]Ci  "-65.300  12  - 13'=-^  17.  Soo         17-1^'--  l3,5oo 

1^- 14.,/^  I- -77500  13-14'-+ I  1.000  13-13'=-    '^.000 

,4-15^ /^K= -82,000  l4-)5'-,4.    3.73s  ||:[^!--  4.500 

^or  2^)1   diaoor»a)s  and   s-frc^ls  (except  10- lo")   use  4- 
35?c3'x"|"'(  laced).  ^ 

"Hbtal  str€.S5   in    iO-10'=2025-0*+^075'0*'(from  porTal  )«-&l,000 

Use   A-Sy<3>2-^\   L^    C  Lor.^   W05  ouT^ar,a.V^5^). 


n 


De'3ic5in   of  3-rF?iM<s-E^Fe. 


^pc\n  —  2\-0'.      Sirinaers    G-O    center  to  center  -^ 

P<sad  Lo2\d  due  i"o   6>>cioV  io-o"lTes  -  236o 

II  "  "       ••     rai  Is,  -f  ^jslemnos, etc.  »  I  575" 

».  ..  „         «      Strino-sr  =  2  t  OO 

fylax."Fnd  Shear    PL.  -  3ooa 

"  .<  .   .<  L.L.  ^ll&So  ^ 

Impact'      ^26a5c  "Total  shears 56^00 
"      D.L.  Bendiho  M.^  191  ooo  .o.lbs. 
L.L.          <.      *^    M  =  1 521000    ••     •• 
Irnp^icTf     -  I4220QO     -      " 
^ia/  Bend ino  moment-^  3  134. poo    in,  lbs. 

Use    a  Z-^'x^  yVeb  &  ^=^lan^€S  o|    Z-^x^'*^  1?. 
F^iveT  Sp2>cinp    over  2o'' paneKy  becJinnrnc!f -from  end 

Pgsiars  OF  FLOOR- Bh-hM  . 


Span^  12- o . 

Dead  J-oad  ConcerStraTion  --   ^'J^^o 
LiVe         ••  n  =   34.G00 

.  Impac::^       -    30200 

.         r/lax.-£v>d  SKessr  -    JlSSo 
Mstx.Bendincf  Moment*  =  2  580, 000  /n.  lbs.    :• 
Use    web  =^3^"x  ^'      FlancJes  oj-  Z-6x4x^  L?. 
Space    r'\y/€ts   32*^bet\veen  s^inoer  &  chord. 
••  "  6"  ••  str/ncrers. 

IV12N><.  stress    in  di2\<ponal5 -.+73600 

-For  d  izvoonals   use    32^3">-  %  i^^mpoi'rs) 
..      strOts   ose    4-3^'^3-^' L^ 

Porta L  BrmcinCt. 


-ir    di?>oon^\ls    c^se   4-3^'^3x:^     L^ 

..      str^Ts   <jse  4-4  >3'-|"'^LV    7-120. 


Max.  M  =  es^poo  in^h  lbs.        Use  a  yj:  dia.  pfni . 


I 


M:/!e«i-\^-!-my  0.' 


.  -    .  ,..4/-^«»i||. 


''S:.M% 


m      ■       ..,1-  ,^/6'/'s 


>^'^'S-t=^. 


6WU1al_-aiiai^ 


JW4- 


.o^:-^ 


^•■f 
N^'/ 


i;v  k^ 


LUM-^r 


"^^''AfQ(^5^ 


ARMOUR  Institute  Of  Teghnoloov 

CIVIL  ENGINEERING  DEPARTMENT 

thf:sis 

SPANDREL-BRACED     TWO-HINGED    ARCH 
,- ,'  SPAN  =  2110-0" 

SUBMITTED      BY-      ^^/t^A^^-^t-^V,    - 


^m 


Stnn^i 


\f/S\       p'-a"(s.e"  s'-&'(S3" 


3'-e"<S3'  I  g-g'<gg"      .r#.  z'-S'Si 


Floor       Beam 


Cross    Section  at  First  Panel  Point 


SHEET     NQ^ 

FLOOR  SYSTEM  8c  CROSS  BRACING 


